I. Absorption cross sections of 0, and CO, continua in the near Schuman region. -Absorption cross sections of the 0, continuum in the region from 2 350 A to 1 814 A and of CO, in the region from2 160 A to 1 718 A have been measured, with photoelectric detection. The monochromator itself was used as an absorption cell whose path length was 618 cm. Maximum pressures were 745 torr for 0, and 596 torr for COz.
Cross sections of the 0, continuum in the Schumann Runge bands region were measured at wavelengths of the deepest minima between rotational lines of individual bands. Absorption coefficients, k, or cross sections, a, increase linearly with pressures (in contrast to Beer's law) and are given by respectively. Measured cross sections c,, including previous ones [l, 2, 31, are shown in figure 1. The cross section is oo = 3.8 X 10-24 cmZ at 2 350 W, it increases slowly toward shorter wavelengths and reaches a weak maximum of 10.5 X 10-24 cm2 in the neighborhood of 2 000 A. Below 2 000 A, it increases very rapidly and its values a t 1 814 A is 7.8 X 10-22 cm2.
The major part of the continuum is probably due t o the 311, (repulsive)-X3 2, transition in the region below 2 000 A and is due to the A 3~: -~ transition in the region above 2 000 A.
The absorption coefficients or cross sections of CO,, in contrast to O,, follow Beer's law. Numerous discrete bands overlap a weak continuum in the region below 2 000 A, and measured cross sections of the continuum only are shown in figure 2. The wavelength dependence of the continuum is very similar to that of the 0, continuum. The cross section is about 2 X 10-24 cm2 at 2 100 A, gradually increases toward shorter wavelength and reaches about 4 X 1OdZ4 cm2 at 2 000 A. Below 2 000 A, the cross section increases very rapidly and reaches 1.19 X 10F20 cm2 at 1718 A. of 0, plus Ar in a region down stream from a microwave discharge. Many absorption bands of O,(a l A J were observed in addition to those reported previously [4, 5] . By using a 3 m vacuum monochromator, the absorption coefficients of several bands of 02(a 'A,) in the region of 1 408 to 1 486 A have been measured.
The partial pressure of Oz(a ' A,) in the down stream region was estimated from the pressures of Oz(X 3~i ) in the absorption cell before and after the microwave discharge was applied and from the partial pressure of atomic oxygen while the discharge was on. The partial pressure of atomic oxygen was obtained from the increased total pressure by assuming that such an increase was due to dissociation of 0, into atomic oxygen by the discharge. For an example, in one case the pressure of 02(X 3Z:i) was 0.288 torr when the discharge was off, and the partial pressures of Oz(X 32,-) , O2(a Id,) , and 0 were 0.240 8, 0.041 4 and 0.001 16 torr, respectively, when the discharge was on.
Measured absorption coefficients are listed in Table I . In the case of a mixture of 0, plus Ar, the change of pressure by the microwave discharge was not measured and only relative absorption coefficients were obtained. These relative values of pure 0, and of a mixture of 0, plus Ar listed in the table agree very well. Since a band at 1 442.0 A is strong and rather broad, this band could be used in other experiments to measure the concentration of 02(a '43. 111 . Absorption spectrum of CS, in the region from 600 to 1 015 A. -The absorption spectrum of CS, in the wavelength region from 600 to 1 015 A, the Hopfield helium continuum region, has been reinvestigated. A 3 m vacuum spectrograph was used, whose reciprocal linear dispersion was 2.84 A/mm in its first order. In addition to new member bands of the Rydberg series, I11 to VIII, found by Tanaka et al. [6] , many new Rydberg series were observed. Series V also is accompanied by a weak band 40 cm-l on the longer wavelength side of its own individual bands. This series of weak bands is probably due to the same type of transition just mentioned above for the weak series. A new series, V' , converging to the same limit as series V (16.19 eV), was also identified.
There are two further series converging to the limit at 19.38 eV, one of which is a new one, IX, and this value of the limit is smaller by 0.12 eV (1 070 cm-') than the previous value reported by Tanaka et al. [6] .
Values of the series limits are summarized in Table 11 . The second result of the present work is the observation of the photodissociation of CS, between 1 032 and 955 A. Since the ground state of CS, is a singlet state we expect that it will dissociate into either singlet or triplet states. The most likely products to be formed would be CS(A 'l7) + S('D, 'S) or CS(311) + S(3P).
The fluorescence spectrum has a peak at about 2 800 A, as may be seen in figure 5 , and evidently this short system is seen to be extremely weak at this incident energy.
The resolution is set at about 50 A.
wavelength peak corresponds to the formation of CS(A 'H), resulting in the bands CS(A 'l7 + X 'Z).
The observation of this system in a photodissociation process has not been previously reported and is somewhat surprising since the corresponding photodissociation in CO, has not been reported. If one accepts the identification of the A state of CS as a singlet [ll] , then it is possible to set an upper limit on the dissociation energy of CS,. The lowest excited singlet states of S are 'D (9,238 cm-') and 'S (22,181 cm-l) and the minimum excitation energy of CS is 38,797 cm-l. Thus, the maximum dissociation energy is D(CS, -+ CS + S) = 6.059 eV or 4.454 eV depending, respectively, upon whether the unobserved fragment was 'D or 'S. Here the dissociation limits were obtained by subtracting the excitation energy of the fragments from the lowest incident energy which gave rise to the CS bands. In the present work the lowest energy available was 103 1.012 A (96,907 cm-l).
Dissociative ionization of CS, has also been observed by Dibeler and Walker [12] , but the processes which they observed, csz(fi l$) + hv (< 837 A) -t S+ + CS + e and CS,(% 'C,+) + hv (< 767 A) 4 CS' + S + e , both occur at wavelengths shorter than that of the presently observed photodissociation threshold. They do, however, give a value of 4.454 eV (102.7 kcal. mol-l) for the dissociation limit, which they obtain by subtracting the ionization energy of S from their observed onset at 837 A.
One of the possible dissociation limits (4.454 eV) found in the present work is the same as Dibeler and Walker's value but this agreement is completely fortuitous. Further study at longer incident wavelengths is presently in progress to investigate the true onset of the photodissociation process
V. Vacuum W properties of arc plasmas. -Hightemperature plasmas [l31 are known to produce spectra of their constituent particles, which are not present under normal conditions and at room temperature. There exist many problems which make it desirable to investigate the optical properties of atoms, ions, and perhaps some radicals. For instance, photon-atom interactions are often more amenable to theoretical calculations [l41 than molecules. In addition, this type of work is obviously intimately involved in our understanding of stellar and planetary atmospheres and of plasma physics in general, quite aside from contributing to atomic physics per se [15] . Methods for producing such plasmas are usually found in the various types of electrical discharges through gases, either dc, ac, or disruptive (sparks), or by electron and ion beams, or finally by photons (flash photolysis).
Among them, the low-pressure shock tube and the high-pressure wall-stabilized high-current arc [l61 can be made to operate under conditions of local thermodynamic equilibrium (LTE), which permits the calculation of both the temperature and therefore the particle densities, and which then in turn allows the determination of oscillator strengths (f-values) of spectral lines and/or photoionization cross sections of such particles. The following will present, in outline form, two examples, namely preliminary measurements of f-values [l71 of H-Ly (P, y, 6) and of the photoionization cross section of atomic carbon [l 81, using such a wall-stabilized arc.
The experimental arrangement is shown in figure 6 , in which the high-temperature arc plasma may be viewed longitudinally by two spectrometers : a Seya-type covering the long wavelength region up to 8 000 A, and a grazing-incidence vacuum UV instrument for short wavelengths between 100 A and 3 000 A. Differential pumping separated the region of atmospheric pressure in the arc chamber from the vacuum spectrograph. By avoiding window materials, the optical range for argon as an arc carrier gas extended from about 800 A, the short wavelength limit due to photoionization of argon, towards longer wavelengths. The arc channel was about 6 mm in diameter and 70 mm in length, and the arc current was generally of the order of 100 A, stabilized by an ohmic resistance and an inductance. For work on f-values of H-Ly (p, y, 6) the argon carrier gas was diluted with H, of known flow-rate, while for the carbon photoionization research it was necessary to add CO, to argon.
The basic equations which describe the arc plasma in LTE are Dalton's law of partial pressures, the Saha equation for the ratio of the number densities of plasma species, the condition of quasineutrality of charges, and the determination of the electron densities from Stark-broadening of H-lines :
where the subscripts indicate the number densities of electrons, neutral atoms, and singly ionized atoms, respectively ;
where Zi and Zo are, respectively, the partition function of the ion and of the neutral atom, m is the electronic mass, Ei the ionization energy of the isolated atom, and AEi is the lowering of E, due to neighboring charges (of the order of AEi -0.15 eV) ;
and n, = (const.) (Stark broadening), (4) where the half width A1 is usually measured for the Hp line, when small amounts of H, were added. Making use of these relationships, the oscillator strengths, fmn, of H-Ly G, y, 6) could be determined experimentally from where the integral extends over the contour over the spectral line, I, is the emitted intensity at A, B, is the Planck function which connects through KirchhofF's law the emissivity with the absorptivity (E = Bz), is the center of the line and L the length of the radiating plasma. Table I11 compares the experimental f-values to theory. Deviations are primarily due to our uncertainty in the sensitivity required to measure B, in the vacuum UV.
Finally, the carbon photoionization cross section o, described by the reaction was obtained at its threshold, 1 100 A, and at some shorter wavelengths, as shown in figure 7. In this region of measurement, the spectrum was free from emission and absorption lines, which could have interfered with the determination of the carbon resonance continuum. Because of the complexity of the experimental procedures, the reader is referred elsewhere for details. It must suffice here to indicate that these cross sections were measured to within a total error of about 30 %. This was accomplished by   FIG. 7. -Photoionization cross section of neutral carbon.
adding varying amounts of CO, to the argon carrier gas of the arc, operating at a temperature of 12,550 O K which was too high for any chemical bond to exist. Thus, the plasma contained, in addition to electrons, ions and neutral atoms of argon, carbon and oxygen. Because of this large number of plasma constituents, it was necessary to keep very careful control of the temperature by adding in steps to the pure argon plasma gradually one or more constituent gas, by determining accurately that length of the arc containing carbon, and finally by averaging over a wide range of flow rates of CO,, in order to obtain the most reliable values of densities of atomic carbon. All of this was achieved by the repeated application of the basic plasma relationships indicated above, yielding a photoionization cross section of carbon at threshold of o = 19 X 10-l8 cm2.
